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Beam  Line  Characterization 

In  our  series  of  experiments  use  was  made  of  radiation 
generated  by  the  undulator  magnet, transported  from  SSRL  at 
Stanford,  and  recently  installed  on  ALADDIN at  the  Synchrotron 
Radiation  Center  (SRC)  in  Wisconsin.  Since  the  properties  of  that 
radiation  were  not  previously  known,  the  first  step  consisted  of 
characterizing  the  radiation  not  only  spectrally,  but  also  in 
angular  intensity  space. 

The  angular  characterization  was  accomplished  by  allowing  the 
radiation  to  pass  through  a  pinhole before  reaching  a  gold 
photodiode.  The  photodiode  measurements  served  to  ascertain  the 
beam  profiles  along  both  the  horizontal  and  vertical  directions. 

In  terms  of  the  first  harmonic  frequency,  the  first  harmonic 

photon  energy,  can  be  written  as  hv^^.  At  ht'^  =  50  eV,  the 

measurements  confirmed  expectations  and  demonstrated  a  Gaussian 
distribution  along  both  axes.  Two  sets  of  measurements  were 
performed;  one  with,  the  other  without  interposition  of  an  aluminum 
filter  800  A  thick.  (See  Fig.  1.)  The  results  are  displayed  in 
Figs.  2  and  3.  The  absorption  effects  of  aluminum  can  be  observed  at 
hi/j^  =  90  eV  in  Fig.  4. 

The  undulator  spectra  were  observed,  as  dispersed  by  a 
transmission  grating,  in  the  vicinity  of  the  monochromator  focal 
plane.  The  spectra  have  been  photographed  when  the  undulator  was 
tuned  such  that  hv-j^  had  the  values  50,  60,  70,  80  and  90  eV.  (Ficj. 

5a,  b,  c,  d  and  e) .  Densitometer  traces  of  the  photographed  spectra 
were  taken,  and  are  displayed  in  Fig.  6. 

We  appreciated  the  opportunity  of  being  able  to  utilize  the  new 
undulator  beamline  at  ALADDIN,  before  its  public  commissioning.  Codes 
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2 .  Monochromator  Construction  and  Characterization 

A  transmission  grating  monochromator was  constructed  and 
tested.  The  instrument  is  based  on  a  5000  lines/mm  gold 
transmission  grating  operating  at  normal  incidence.  The  optical 
configuration  of  the  monochromator  consisted  of  a  bent  cylindrical 
mirror  (Fig.  7)  refocusing  the  undulator  photons  onto  an  exit  slit 
plane.  The  cylindrical  mirror  was  located  at  a  distance  of  12.9 
meters  from  the  source,  and  the  exit  slit  was  43  inches  beyond  that 
mirror.  A  transmission  grating  with  a  2000  A  period  was  located  7 
inches  from  the  cylindrical  mirror.  The  grating  intercepted  the 
radiation  at  normal  incidence,  and  dispersed  the  focused  orders  in 
the  vertical  plane. 

The  cylindrical  mirror  consisted  of  a  floatglass  substratum 
which  was  gold-coated  at  the  Synchrotron  Radiation  Center  in 
Wisconsin.  It  was  appropriately  curved  and  aligned  with  the  help  of 
a  He-Ne  laser  arranged  in  such  a  manner  as  to  accurately  reproduce 
the  geometry  of  the  synchrotron  radiation  beam  to  be  used  in  the 
actual  experiment.  Figure  8  shows  the  spatial  distribution  of  the 
focused  laser  light,  along  the  vertical  in  the  focal  plane.  The 
FWHM  was  measured  to  be  45  During  the  alignment  the  deflection 

generated  by  the  transmission  grating  was  simulated  by  a  special 
deflection  mirror  (Fig.  9) ,  attached  at  the  exit  end  of  the 
cylindrical  mirror  assembly.  Following  the  alignment  the  deflection 
mirror  was  replaced  by  the  transmission  grating,  and  the 
monochromator  was  assembled.  A  layout  of  the  mechanical  components 
is  shown  in  Fig.  10.  The  photons  generated  inside  the  undulator  are 
led  through  the  differential  pumping  section  to  the  UHV  chopper. 
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That  instrument provides  an  attenuation  of  the  photon  beam 
intensity.  The  attenuation  factor  can  be  set  anywhere  in  the  range 
from  10“^  to  unity,  and  is  wavelength  independent.  The  attenuated 
photon  beam  then  proceeds  to  the  bent  cylindrical  mirror,  located  in 
the  mirror  chamber.  There  the  beam  is  refocused  through  the 
transmission  grating  onto  the  exit  plane  of  the  instrument.  An  end 
view  of  the  mirror  chamber  with  the  mirror  installed  is  shown  in 
Fig.  10b.  Figure  10c  illustrates  the  system  under  vacuum  with  a 
phosphorized  viewing  screen  attached.  That  screen  facilitated 
viewing  of  the  diffracted  undulator  spectra  described  in  Sec.  1. 

3 .  Interferometer  Construction  and  Operation 

A  split  beam  interferometer  previously  designed  and  partially 
fabricated  at  SSRL,  was  completed  at  the  Wisconsin  Synchrotron 
Radiation  Center.  It  contained  two  symmetrically  placed  grazing 
indicence  mirrors,  deflecting  coherent  radiation  into  PMMA  samples. 

A  view  of  the  interferometer  components  is  shown  in  Fig.  11,  and  a 
front  view  of  the  assembled  device  can  be  seen  in  Fig.  12.  The 
adjustable  aperture  stop  carriage  provided  a  means  for  inserting  an 
aperture  stop  or  translucent  objects  into  either  of  the  two 
interferometer  beams.  When  assembled,  the  gold  coating  on  the 
reference  alignment  crystal  (Fig.  ll)  is  normal  to  the  plane 
bisecting  the  interferometer's  horizontal  aperture,  and  is  used  to 
assist  in  aligning  the  orientation  of  the  interferometer  crystal 
surfaces  with  respect  to  the  monochromator  output  axis.  The 
alignment  was  accomplished  using  He-Ne  laser  light.  The  assembled 
interferometer  was  installed  inside  a  specially  constructed  chamber, 
with  provisions  for  continuously  aligning  the  position  and  attitude 
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of  the  interferometer  box.  A  side  view  of  this  chamber  with  the 
interferometer  installed  is  shown  in  Fig.  13.  The  complete 
monochromator-interferometer  beamline  can  be  seen  on  Fig.  14,  as 
viewed  from  the  downstream  end. 

The  vibration  environment  was  characterized  with  an 
accelerometer  and  spectrum  analyzer,  and  it  was  determined  that 
there  were  no  motion  components  with  amplitudes  in  excess  of  300 
Angstroms.  The  exposures  showed  perceptible  patterns  defined  by  the 
interferometer  geometry.  Interference  fringes  associated  with 
Fresnel  diffraction  of  the  interferometer  mirrors  were  recorded. 

4.  Monochromator  Operation 

The  monochromator  assembly  was  operated  for  approximately  60 
hours.  The  operation  was  predominantly  with  the  undulator  first 
harmonic  energy  tuned  to  50  eV.  The  average  total  radiation  input 
power  was  approximately  3  Watts,  over  the  approximately  60  hour 
period  of  operation  the  chopper  attenuation  factor  was  varied  from 
close  to  6%  to  unity.  The  estimated  total  power  impinging  on  the 
grating  was  close  to  1.0  Watt.  The  vacuum  inside  the  chamber  was 
kept  at  about  2.10'^  Torr  during  the  entire  duration  of  the 
experiment.  Following  these  exposures,  damage  to  the  transmission 
grating  as  well  as  carbon  contamination  of  the  cylindrical  mirror 
and  the  grating  were  observed. 

A  photograph  of  the  grating  prior  to  its  installation  is 
displayed  in  Fig.  15.  Photographs  of  the  damaged  area  are  shown  in 
Figs.  16a  and  16b.  A  study  of  damage  mechanisms  in  transmission 
gratings  irradiated  with  synchrotron  light^®^  indicates  that  a 
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primary  damage  mechanism  in  such  gratings  is  associated  with 
differential  expansion  of  the  bars,  generated  by  the  inhomogeneous 
temperature  profile  of  the  irradiated  structure.  Based  on  such 
studies  the  damage  threshold  is  to  be  expected  in  the  vicinity  of 
1.0  Watt/cm^ ,  which  is  consistent  with  the  observed  effect. 

The  observed  carbon  contamination  on  the  cylindrical  mirror,  as 
can  be  seen  on  Fig.  17,  was  consistent  with  prior  observations  of 
carbon  contamination  of  synchrotron  radiation  optics  in  relatively 
poor  vacuum. 

5.  Interference  Experiment  and  Results. 

A.  Coherent  Power 

The  exposure  times  utilized  in  the  experiment  were  based  on  the 
estimated  vertical  coherent  power,  Pv,coh  provided  by  the 

new  undulator  at  the  Synchrotron  Radiation  Center  in  Wisconsin.  One 
has 


Pv,coh^°-l’'> 


_1 _ 1_ 
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y  y 


tot 


(0.1%) 
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2v^  ’^grating  ’^chopper' 


where  (0*1^)  is  the  total  power  at  the  first  harmonic 

frequency,  within  a  frequency  interval  Av  =  10~^V2  while 
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efficiencies  respectively.  One  also  has 
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At  the  selected  photon  energy  of  50  eV,  the  nominal  sensitivity 
of  PMMA  is  augmented  by  about  an  order  of  magnitude  (due  to  the 
decreased  photon  penetration  depth)  to  about  0.1  Joules/cm^.  Based 
on  such  considerations,  exposures  were  taken  in  the  range  of  8  to  16 
hours . 

B.  Modes  of  Operation 

Plans  called  for  operating  the  interferometer  in  two  distinct 
modes.  The  first  of  these  was  equivalent  to  a  Lloyd's  mirror  mode 
of  operation  with  an  asymmetrically  positioned  aperture  stop.  In 
the  second  mode  of  operation  the  aperture  stop  was  to  be  centrally 
positioned,  so  as  to  obtain  an  interference  pattern  in  the  center  of 
the  resist. 

C.  Results 

So  far  the  instrument  was  operated  only  in  the  Lloyd's  mirror 
configuration.  Irrespective  of  the  exposure  time  (within  the  limits 
quoted  above)  perceptible  patterns  were  recorded  (Fig.  18) .  This 
was  consistent  with  visual  observations  of  fluorescence  on  the 
phosphorized  aperture  stop,  which  indicated  that  the  monochromator 
was  properly  aligned  with  respect  to  the  exposed  resist.  The 
observed  patterns  contain  easily  discernible  Fresnel  fringes 
associated  with  diffraction  off  the  edge  of  the  interferometer 
mirror.  The  long  period,  \p,  of  the  Fresnel  pattern  is  corroborated 
exactly  by  the  wavelength  of  the  monochromatized  light  and  the 
distance,  L,  from  the  edge  of  the  mirror  to  the  resist,  via  the 
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formula 


In  addition  to  the  above,  a  much  weaker  periodic  pattern  was  also 
observed,  but  due  to  the  low  contrast  ratio  we  were  so  far  not  able 
to  confidently  identify  those  with  an  interference  pattern  generated 
by  the  primary  interferometer  beams. 

6 .  Future  Experiments 

So  far  we  have  not  performed  experiments  in  the  second 
interferometer  mode  of  operation,  because  of  a  lack  of  time  on  the 
beamline.  It  is  our  intention  to  perform  such  experiments  either  at 
SSRL  or  at  SRC.  We  are  confident  that  this  can  be  accomplished 
within  the  next  few  months. 

The  instrument  assembly  has  been  designed  so  as  to  have  the 
capability  of  taking  x-ray  holograms  of  objects  located  in  either 
branch  of  the  interfering  beams.  It  is  therefore  a  logical  next 
step  in  the  sequence  of  experiments  to  be  performed  with  this 
instrument.  Indeed,  we  were  hoping  to  obtain  one  more  set  of 
exposures  after  the  original  expiration  date  of  this  grant,  during  a 
period  of  no-cost  extension.  Our  request  for  such  an  extension 
having  been  turned  down,  we  intend  to  proceed  with  those  experiments 
after  the  expiration  date  of  the  present  grant  period. 


The  preparation  at  SSRL  of  a  takeoff  mirror  for  BL  V  is 
continuing.  It  is  projected  that  one  of  the  major  applications  of 
this  take-off  station  will  be  to  operate  the  experimental  system 
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as  described  above,  and  tested  in  Wisconsin.  The  take-off  mirror 
design  is  based  on  multilayer  technology,  and  has  been  finalized. 
The  vacuum  chamber  was  completed  in  1987,  and  the  mirror  blank  is 
presently  in  the  process  of  being  polished. 
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Fig.  11 


800  A  thick  Aluminum  foil  supported  by  an  85%  transmitting 
Ni  metal  mesh. 

Undulator  radiation  intensity  distribution  along  the 
vertical  axis  when  hi/j^  =  50  eV,  (a)  with,  and  (b)  without 
the  Aluminum  filter  present  in  the  beam. 

Undulator  radiation  intensity  distribution  along  the 
horizontal  axis  when  hi/^  =  50  eV,  (a)  with,  and  (b)  without 
the  Aluminum  filter  present  in  the  beam. 

Vertical  undulator  radiation  intensity  distribution  for  hy^^ 

=  90  eV  with  the  Aluminum  filter  located  in  the  beam. 

Five  photographs  (a,  b,  c,  d  and  e)  of  the  undulator 

spectrum  for  first  harmonic  energy  hvj^  =  50,  ^0,70^50  and  90  eV  . 

Densitometer  trace  of  undulator  spectra  when  hv,  =  50  eV(a), 
60  e  V  (t>),70eV(c)j  80  e  V  (d) ,  90eY  (e) .  ^ 

Gold  coated  cylindrical  floatglass  mirror  (  in 
monochromator) . 

Vertical  intensity  distribution  of  He-Ne  laser  light 
focused  on  the  monochromator  focal  plane. 

Optical  deflection  mirror  mounted  at  the  exit  of  the 
cylindrical  mirror  assembly. 

(a)  Mechanical  layout  of  the  monochromator  assembly 

(b)  End  view  of  the  chamber  containing  the  cylindrical 
mirror.  (c)  Chamber  containing  the  cylindrical  mirror, 
with  an  appended  nipple  to  provide  a  phosphorized  screen 
for  viewing  diffracted  undulator  spectra,  immediately 
upstream  from  monochromator  exit  plane. 

View  of  the  interferometer  components. 


10 


Fig.  12  Front  view  of  the  assembled  interferometer. 

Fig.  13  A  specially  constructed  chamber  holding  the  interferometer 


(visible  through  viewports) . 

Fig.  14  View  of  the  complete  monochromator  -  interferometer 

beamline.  The  observer  is  located  at  the  downstream  end  of 
the  interferometer. 

Fig.  15  Transmission  grating  prior  to  installation. 

Fig.  16  (a)  Photographs  of  the  damaged  area  on  the  transmission 

grating  surface,  after  exposure  to  radiation  inside  the 
interferometer,  (b)  Photograph  showing  the  transition 
between  damaged  and  undamaged  areas  of  the  exposed  grating. 
The  undamaged  area  is  located  directly  above  a  Si 
substratum,  which  shields  it  from  radiation. 

Fig.  17  Carbon  contamination  on  a  cylindrical  mirror  surface  after 
approximately  60  hours  of  exposure. 

Fig.  18  Typical  interference  pattern  recorded  with  the 

interferometer  in  the  Lloyd's  mirror  mode  of  operation. 
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